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400 Ci of 2°Tc was Released to the
BC-Crib Area: Where is it?
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» The SAC model forecasts that a growing plume
of 99T¢ should exist beneath the BC-cribs
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» Concentration of
Tc(lV) fixed by
solubililty at
reduction point

» Downgradient
adsorption of Tc(1V)
complexes or
another reaction
essential to reach
MCL (900 pCi/L)

» Adsorption behavior
of TCO(OH)," g
unknown
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Solubility of TcO,

Tc(VINO, + 4H* + 3e- = Tc(IV)O,-nH,0, + (2-n)H,0O
Tc(VI)O, + 3Fe?" + (n+7)H,0 = Tc(IV)O,-nH,0, + 3Fe(OH),,+ SH*

E°c=0.748V

log XTc(IV) M

1 1E | T i i
TcO, - 2H,0(s)
<— 16,784 pCill
TcO(OH)’, _
MCL <— 1,678 pCi/L
900 in/L)

P <— 168 pCill
2 4 6 8 10 12 14




Kinetic Pathways for Tc(VIl) Reduction
and Tc(IV) Oxidation

Reduction (+ Fe(ll) or MRB)

Te(VINOy
+

ST homogeneous heterogeneous

biologic (MRB) Fe(ll),, Fe(NOH  Fe(ll),,

@ very| slow Fe(lll) oxide
medium very fast
medium
Tc(lV)

* speciation
* physical location

dTcO
ot - = Kpiol 1+ Knomol 1% Knettl 1+ Kool |

Oxidation (+ O, or MOB)

Tc(lV
6%—51) = kbio[ ] D khomo[ ] i khet1[ ] o khet2[ ]

’(; < » Officeof
L Science \ew
U.S. DEPARTMENT OF ENERGY Sciences




geneous Reduction of Pertechnetate
I1)O,] by Surface Complexed Fe(ll) at pH =7

3FeO-Fe(l)OH + Tc(VI)O,- = 3FeO-Fe(ll)OH, [?] + Tc(IV)O,H,O [?]

< 25
-6to-2day  Fe(ll),, -
2to0day  FeO-Fe(ll)OH 2 2040
0 day + FeO-Fe(Il)OH+Tc(IV)/Fe(lll) =
S 151 © 0.12 mmol L™ Fe(ll), 1.5 g L-1 Goethite
Issues: o o O 0.23 mmol L™ Fe(ll), 3.0 g L-1 Goethite
T gL - ]
- Stoichiometry of Fe(lll) and Tc(IV) - 10
» Nature of Fe(lll) and Tc(lV) phases 2 5]
» Location and association of Fe(ll) §
« Speciation effects on heterogeneous o 1o O — o
. . 0 4 8
oxidation Time, days
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of Heterogeneous Tc(VII)O,” Reduction

by Fe(ll) on Goethite
What is Fe(lll)/Tc(IV)O, ? Where is readsorbed Fe(ll)?

« Magnetic order and
peak positions
consistent with Fe(lll)
and goethite

1.40e+6 -

%Fe- goethite
(Mossbauer invisible)

* No Fe(ll)
57Fe(ll) e « “two” Fe(ll) sites
(Mossbauer visible) ? :tn‘n’i%;'/) ro « Spectra before Tc(IV)
—— SteB(E85%) addition almost identical
10 5 0 5 10

Velocity, mm/s
2.0

Tcl/Felgoethite data

TclFelgoethite

TcFe2 Tc/Felgoethite model
TcFe2 data
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any Metal-Reducing Bacteria Change
the Valence of Pertechnetate [Tc(VIil)]

=
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[

2 2CP-C

g

«
e Ty a2 » Biogenic TcO,*nH,O shows less
— T e Tc-Tc second neighbors and

different long range order

1.0 4
0.8

0.6

» Consistent with small size (2-3 nm)
of biogenic precipitates
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HRTEM of TcO,*H,0O Precipitates on and
within CN32, S. putrefaciens

YWaRas

»* \p ;
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log Kso(s) = log Kso(s=o) + 2433YR_TS
Z3y | Ma
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with MR-1 and H, or Lactate

c and 2LFH Behavior in Anoxic Suspensions

14
15

Experiment

Te(IV)-2LFH+Fe(ll)
Tc(IV)-2LFH+AH,DS
bio-Fe,0,+Tc(VII)
Te(VII)+MR-1+H,
2LFH+Tc(VII)+MR-1+H,
2LFH+Tc(VI)+MR-1+lactate
Tc(IV)-2LFH+MR-1+H,
To(IV)-2LFH+MR-1+lactate

Product

~70% goe; 20% mag.
nanomagnetite

60 nm magnetite
TcO,*nH,O

large particle goethite
5LFH

large particle goethite
5LFH

Hypothesis: H, would promote microbiologic reduction

Start

[Tcl,,

3.00x104
<1.5x10-°
1.84x10-9
1.93x10-°
1.52x107
3.43x108
3.78x10°
4.11x10-8
4.12x10

[Tc(IV],,

4.99x10”7

2.76x107

[
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uctive Process Dominates in Mineral-
Microbe Suspension?

2-line ferrlhydrlte + Tc(VII)aq + MR-1 t'ﬁ? a-FeOOH + Fe-O-Fe(Il)OH + Tc(IV))[?]

MR-1 | |
H,
20 Tc-O
Products display e Blogere 16N,

e 00 4 =N AP~ Y | mmmmmmmmee TC(IV) FH
different EXAFS D A T .Viifn:i,“neme
spectra from abiotic A §

. . - + !ogoet !te
and bIOtIC TCOZ 1.0 4 ; “x """""" IV)+blogoethne
Aqueous concentration
tracks speciation and 27
mineralogy
0.0 A
Tc-Fe
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mineralization Products and Tc Concentrations
th Shewanella, Anaeromyxobacter, and Geobacter

Reactants Product [Tc] [Fe(l1)]-
0.5NHCI

(mol L)
2LFH + Te(VIl) + MR-1 + H, — goethite 4.9x10° 1.69x10-3
2LFH + Tc(VII) + CN-32 + H, — goethite = magnetite 8.1x10° 3.36-x103
2LFH + Tc(VIIl) + 2CP-C + H, — poorly crystalline goethite 1.17x10-8 2.64x10-3
2LFH + Tc(VIl) + PCA + H, — well crystalline goethite & magnetite  8.49x10-° 3.12x10-3
Te(VIl) + PCA + H, — TcO,*nH,0O 07

1,79x10:
[Tcrq] = 3.02x10% [Fe, ] = 3.02x102
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XAS of Ferrihydrite Incubated
with H, and Various MRB

_ Tc(IV) EXAFS

—— MR-1 + Te(VIl) + HFO
167 —— CNB32 + Te(VIl) + HFO
—— 2PC-C + Tc(VIl) + HFO
1.4 1 —— PCA + Tc(VIl) + HFO
Te(IV) + HFO
1.2 A Tc(IV) standard
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0.2 4 \%ﬁ
0.0 - \ o~
. .
-1 0 1 2 3 4 5
R(A)

__Fe XANES

E (ev)

I\

1.4 S\

1.2 4

1.0 A

0.8

0.6
Magnetite

4 4

0 Hematite
MR-1 + Tc(VIl) + HFO

0.2 1 CN32 + Tc(VIl) + HFO
PCA + Tc(VIl) + HFO

0.0 Te(lV) + HFO
Ferrihydrite

-0.2 T T T T T T

7090 7100 7110 7120 7130 7140 7150 7160

Organisms and Standards
Shewanella oneidensis MR-1
Shewanella putrefaciens CN32
Anaeromyxobacter 2CP-C
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Biogenic TcO,*nH,0 (PCA)
Tc(lV) + 6LFH

Magnetite
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Fe EXAFS
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EXAFS Interpretation Involves Various
Tc(IV)O, Models

A Long chains: Abiotic and biotic TcO,*nH,0 A

Dimers and trimers coordinated to Fe-O with diffuse Fe
scattering: Sorbed Fe(ll) on phyllosilicates (FRC) Tc-Fe

c-Tc
Monomers and dimers coordinated to Fe-O with more intense Fe [Tcl.
scattering: Homogeneous Tc(lV); heterogeneous Tc(1V) on
oethite/hematite, diaspore/corundum, and magnetite;
iotransformation products of ferrinydrite; and Tc(IV)-ferri

Dimeric surface complex
H,O H,O

HO

"o \/\O/
H, H,
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acial Speciation of both Tc and Fe Influence
Oxidation Rate

—e—HFO+Tc(V)

— @ Tc(V)-HFO+Fe(ll)
Tc(V)-HF O+AH2DS
Biomagnetite + Tc(VII)

—x HFO+Tc(VI)+MR-1+H2

_ o HFO+Tc(VI)+MR-1+lactate

—+ HFO-Te(V)+MR-1+H2

_ 1 HFO-Te(V)+ MR-1+lactate
HF O+Tc(VI)+ MR-1+lactate

—«— TC-Exp #TcO2

% Tc Oxidized

[
0 50 100 150 200 250 300

Time, hrs
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Conclusions

Electron donor has a major role because of effects on enzymology
and Tc/Fe

e Lactate-enhances Fe(lll) reduction, slows Tc(VIl) reduction, and
complexes Tc(1V)

e H, — stimulates Tc(VII) reduction and slows Fe(lll) reduction

» Heterogeneous Tc(VII) reduction predominates in Fe(lll) oxide-
microbe systems

» Slower rates of heterogeneous reduction in phyllosilicate dominated
systems may allow microbiologic reduction to predominate

» Tc(VIl) speciation varies in octahedra chain length
e Relatively insensitive to biogenic mineral phase
e Sensitive to apparent respiration rate and Fe(ll) location

» Tc(lV) oxidation rates slowed by mineral association, difficult to
interpret
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Future Research Directions

Focused on Tc-biogeochemistry in Hanford subsurface sediments and effects
of the globally falling water table (lower O, and slower flow rates).

Based on the observation that sorbed Fe(ll) on certain surfaces is a strong
reductant for Tc(VII), even when aqueous Fe(ll) is near DL.

» Emphasizes effects of O, consumption by indigenous microbes and ferrous-
containing mineral solids on Fe(ll) solubility, surface complexed Fe(ll), and in-
situ heterogeneous Tc(VIl) reduction.

» Will incorporate aquifer sediments along a flow-path from 200 A plateau to
Columbia River.

» Involves laboratory studies with Hanford aquifer sediments (microbial ecology,
mineralogy, biogeochemistry) and field experiments in pristine and Tc(VIl)-
contaminated groundwater plumes.
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storic Releases of Processes Waters at Hanford
ave Strongly Influenced Groundwater Composition
These will change in the future
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"Fe Mossbauer Spectroscopy of Hanford
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econdary Fe(ll)-Rich Saponite Results as a
eathering Product of Ferrous-Silicate Glass in
Basaltic Lithic Fragments
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